Abstract -Practical Peak Voltage (PPV) has been recently adopted by IEC as a new quantity to qualify the pulsed voltages applied to X-ray high voltage tubes. Two commercial invasive dividers are characterized for every x-ray pulses for voltage up to 150 kV and for exposure time between 200 s and few seconds. The measurement of impulse low current flowing through X-ray tubes is carried out non-invasively by using a clamp meter based on Hall Effect. Deconvolution technique is used to enhance the accuracy of the reference system.
I. INTRODUCTION
Many countries make a substantial effort into the quality control in diagnostic due to the fact that x-rays are extensively used in medicine for the diagnosis of injuries and diseases. This represents the largest man-made source of public exposure to ionizing radiation. The most important set of x-ray equipment performance characteristics involves the determination of the measurement uncertainty and the reproducibility of the high voltage level and the exposure time according to IEC 60601-1-3 [1] . Because of the diversity of the high voltage pulses supplied by x-ray high voltage generators and of the ripples and spikes usually superposed on the high voltage pulse, it was impossible to establish test procedures for the performance requirements of the x-ray high voltage without defining the quantity to be measured.
The IEC [2] has recently adopted a new quantity named PPV (Practical Peak Voltage), equations 1 and 2, for the calibration and adjustment of x-ray high voltage tubes. This quantity is related to the spectral distribution of the emitted xradiation and the image properties. X-ray generators operating at the same PPV value will produce the same low level contrast in the radiograms, even when the waveforms of the tube voltages are different. The traceability to the SI of this new quantity is necessary to guarantee the accuracy of the invasive and non-invasive instruments used in diagnostic applications such as radiology, mammography, dental, fluoroscopic and others. A traceable system for the measurement of the PPV, the exposure time, and the current for pulses which can vary between 200 s and few seconds, is necessary to ensure a better control of the xray dose.
II. CALIBRATION SET UP
The set up used for the calibration of x-ray equipment is shown in figure 1. It could be used for the calibration of x-ray generators, for invasive x-ray measurement units and also for the calibration of the non-invasive instrument (kVp meters). Two paired and frequency-compensated invasive resistive dividers, for anode and cathode voltages, connected between the x-ray generator and the x-ray high voltage tube and combined with a storage digitiser with a minimum of 12 bits resolution, are used as a reference for the evaluation of the high voltage pulses. The linearity of each divider from 1 kV to 75 kV has been checked for lightning impulse and switching impulse according to the IEC 60060-2 [3] , DC, AC, and high voltage waveforms as typically used by x-ray machines. The step response and the frequency linearity have been also checked at low voltage to ensure the correct measurement of ripples and spikes in the voltage waveforms. Temperature and proximity effects have been performed for in-situ calibrations to occur a best accuracy. The second effect is predominant but it could be avoided by measuring for example the scale factor of the dividers at low voltage. This is done in the same condition of use at high voltage by comparison to an ideal step voltage and by using a FFT and inverse FFT technique as described in paragraph III.
The measurement of the low current flowing through the high voltage x-ray tubes could be done non-invasively by using a clamp meter based on Hall Effect. To ensure a safety use with a clamp meter while measuring this current under a high voltage, the diameter of the hole is adapted to the diameter of the high voltage cables. Clamp meters with large diameters produce big errors at especially very low currents and also at fast pulses because of their unlinear frequency. The noise and the variety of waveforms generated by X-ray generators add other difficulties to perform an accurate measurement for in-situ calibration. To enhance the accuracy, a FFT and an inverse FFT based method could be used to correct the non-linearity of the clamp meter by comparison to an ideal step current.
It is noted that software has been developed for the evaluation of the PPV, the current, the exposure time and other important quantities.
III. FFT AND INVERSE FFT BASED METHOD
To ensure a best accuracy while performing the calibration of X-ray parameters. We have decided to use a FFT and inverse FFT based technique (deconvolution techniques [4] [5]) before the main calibration. This technique is described in the figure 2.
An ideal step current (or step voltage for high voltage dividers) is injected to the clamp meter (or dividers) exactly in the same configuration as the measurement. The step response of the clamp meter (or dividers) is measured by using its digitizer in order to minimize its effect to the result. Both FFT of the input and output steps are calculated (after being improved by some signal processing for a best FFT calculation;
Sweeping, balancing, zero-padding, normalization, filtering) to determine the errors for each frequency component. During the measurements the same signal processing is performed, the correction is applied to obtain the corrected signal in time domain. A reference and traceable system is now available for the calibration of x-ray quantities, Practical Peak Voltage, current and exposure time (200 μs to few seconds). FFT and inverse FFT technique are powerful tools to evaluate the frequency corrections of every waveform generated by x-ray equipment. We will present in the CPEM this reference system and its associated results and uncertainty calculation.
